Inhibitors of histone deacetylase (HDAC) have anti-inflammatory and antifibrotic effects in several organs and tissues, but their effect on the progression of renal disease is unknown. Here, we studied the effect of valproic acid in adriamycin-induced nephropathy in mice. Administration of valproic acid before kidney injury prevented the development of proteinuria and the onset of glomerulosclerosis. Even after postponing treatment until the peak of adriamycin-induced proteinuria, valproic acid rapidly decreased the quantity of proteinuria and attenuated the progression of renal disease. Valproic acid abrogated the decrease in glomerular acetylation observed during adriamycin-induced nephropathy. Furthermore, valproic acid attenuated the significant upregulation of profibrotic and proinflammatory genes, the deposition of collagen, and the infiltration of macrophages into the kidney. Valproic acid decreased glomerular apoptosis and proliferation induced by adriamycin. Ultrastructural studies further supported the protective effect of valproic acid on podocytes in this model. Taken together, these data suggest that HDACs contribute to the pathogenesis of renal disease and that HDAC inhibitors may have therapeutic potential in CKD.
Focal segmental glomerulosclerosis (FSGS) is the final common pathway of glomerular injury, where podocyte loss is a critical event in the initiation. FSGS is characterized by the disappearance of cellular elements from the glomerular tuft, increased accumulation of amorphous material, and collapse of the capillary lumen. Associated with progressive glomerulosclerosis are tubular atrophy/dilation and eventually infiltration of inflammatory cells and accumulation of myofibroblasts in the interstitium. 1 Experimental FSGS can nonimmunologically be induced in rodents by intravenous administration of adriamycin (ADR-doxorubicin). [2] [3] [4] ADR nephropathy is a nondiabetic podocyte injury model classified as the classic variant of FSGS in humans, leading to chronic proteinuria and renal failure. 5 Previously, we demonstrated the beneficial effects of trichostatin A (TSA) and valproic acid (VPA), both histone deacetylase (HDAC) inhibitors, in a known model of liver fibrosis, that is, culture-induced hepatic stellate cell activation. 6 -9 Both inhibitors have been shown to have anti-inflammatory and antifibrotic effects in several other organs and tissues, 10, 11 for example, in renal models of tubulointerstitial fibrosis and lupus. [12] [13] [14] [15] [16] [17] The effect of TSA or VPA on renal cells is mainly studied in vitro. 12,13,15,18 -21 All these studies have focused on the effect of HDAC inhibitors in the renal tubulointerstitial space and their inhibition of EMT (epithelial-to-mesenchymal transition). In this study, we examine the in vivo effect of VPA in an experimental model of glomerulosclerosis.
Among the growing list of HDAC inhibitors, the shortchain fatty acid VPA (2-propylpentanoic acid) is a well-tolerated anticonvulsive drug, which has been extensively studied as an antineoplastic agent and is considered primarily a class I HDAC inhibitor. 22, 23 The family of HDACs comprises 18 genes, which are grouped into classes I through IV. Class I (HDACs 1, 2, 3, and 8), class II (HDACs 4, 5, 6, 7, 9, and 10), and class IV (HDAC 11) isoforms are the "classical" HDACs, which are dependent on zinc for their enzymatic activity, whereas the 7 class III members are called sirtuins 1 through 7, which are nicotinamide adenine dinucleotide ϩ -dependent enzymes. 24 HDACs have an opposing function to histone acetyltransferases (HATs); they maintain the deacetylated state of histones, resulting in a tightly wrapped DNA and transcriptional repression. 25 Recently, a rapidly growing number of nonhistone proteins have also been found to be targets for HDACs. 26 HDAC inhibitors interfere with the function of HDACs, which are known as modulators of gene transcription important for cell function, proliferation, and differentiation. In this study, we demonstrate that chronic administration of VPA has beneficial effects on proteinuria, glomerulosclerosis, and renal inflammation in the experimental mouse ADR nephropathy model.
RESULTS

Valproic Acid Prevents Proteinuria and Kidney Injury in Adriamycin Nephropathy
To assess the possible antifibrotic or renoprotective effect of the HDAC inhibitor VPA in the murine ADR nephropathy model, we supplemented drinking water with VPA 3 days before the intravenous ADR injection (pre-VPA group) as shown in Figure 1A . Animals injected with ADR (ADR group) developed severe proteinuria in contrast to the pre-VPA group where no significant increase in proteinuria was observed compared with controls ( Figure 1B) . In a comparison of the clinical blood parameters, no significant decrease in serum albumin was found in the ADR group (2.16 Ϯ 0.09 g/dl) nor in the pre-VPA group (2.05 Ϯ 0.09 g/dl) versus controls (2.20 Ϯ 0.03 g/dl). Serum cholesterol was significantly elevated in the ADR group and not in the pre-VPA group ( Figure 1C) .
Quantitative evaluation of the FSGS lesions demonstrated a glomerulosclerosis score of 2.9 Ϯ 0.3 in the ADR group, 0.8 Ϯ 0.4 in the pre-VPA group, and 0.0 Ϯ 0.1 in the control group ( Figure 1D ). Histopathologic analysis revealed ADR-induced abnormalities typical for FSGS. Glomeruli of the ADR group showed segmental to global hyaline deposits, with collapse of the associated glomerular tuft and mesangial expansion. The glomerulosclerosis was accompanied by prominent tubular dilation, intraluminal protein casts, and reabsorption droplets. Furthermore, interstitial fibrosis, tubular atrophy, and accumulation of mononuclear cells were observed. In contrast, the pre-VPA group showed only few glomerular lesions and no tubulointerstitial fibrosis ( Figure 1E ).
Valproic Acid Corrects an Established Proteinuria and Limits Kidney Injury in Adriamycin Nephropathy
To investigate whether VPA can limit or reverse ADR nephropathy in mice with established proteinuria, the start of VPA treatment was postponed (post-VPA group) until a significant peak in proteinuria was observed as shown in Figure 2A . Post-VPA animals therefore received VPA-supplemented drinking water from day 10 after ADR injection. Proteinuria in these animals dropped significantly already after 3 days of VPA treatment and remained significantly lower than that in the ADR group at all following time points. During the course of the experiment, no proteinuria was observed in control animals receiving VPA treatment and in untreated controls ( Figure 2B ). Overt proteinuria in the ADR-10d group was accompanied by hypoalbuminemia (1.60 Ϯ 0.03 g/dl) and hypercholesterolemia. No significant reduction in serum albumin was observed in the post-VPA group (2.14 Ϯ 0.08 g/dl). The post-VPA group as well as the ADR group at the end of the experiment retained a high serum cholesterol level, which was however significantly decreased compared with the ADR-10d group ( Figure 2C) . Importantly, even when proteinuria is fully established, VPA was able to hamper renal disease progression in the murine ADR nephropathy model. Renal histopathologic evaluation of post-VPA animals showed only moderate lesions of glomerulosclerosis (1.7 Ϯ 0.2) with hyaline deposits, mesangial expansion, and weak tubulointerstitial fibrosis, comparable with the injury in the ADR-10d group (1.8 Ϯ 0.4) and significantly less than that in the ADR group at the end of the experiment (2.9 Ϯ 0.3). In addition, renal histology of control animals was not affected by VPA treatment (Figure 2 , D and E).
Our results suggest that VPA has beneficial effects in ADR nephropathy and we hypothesize that this is due to the HDAC inhibitory capacity of VPA. Thus, we used the acetylation status of H3K9 as a measure for VPA activity in the kidney. 15, 16, 27 Immunohistochemistry revealed that acetyl-H3K9 is readily detected under normal conditions in the kidney cortex ( Figure 3A ). Quantification showed that in all VPA-treated animals glomerular acetyl-H3K9 is increased when compared with the corresponding untreated group. Interestingly, in untreated ADR-injected animals, acetyl-H3K9 is diminished significantly toward the end of the experiment. This decrease in glomerular acetyl-H3K9 staining was inhibited in both pre-VPA and post-VPA groups ( Figure 3B ).
Valproic Acid Hampers Renal Fibrosis
The well-known fibrotic markers 28 ␣-SMA, TIMP-1, collagen type-1␣1, and the fibrotic cytokine TGF-␤1 were assessed by quantitative PCR (qPCR). The renal mRNA expression of ␣-SMA, TGF-␤1, and collagen type-1␣1 was not yet elevated significantly 10 days after ADR injection, whereas TIMP-1 expression was augmented compared with control animals. At the end of the experiment mRNA expression of the fibrotic markers was significantly induced in the ADR group compared with controls. Pre-VPA and even post-VPA The antifibrotic effect of VPA was further confirmed by Picrosirius Red staining of kidney sections for collagen deposition, and through blinded scoring of the tubulointerstitial fibrosis. Collagen deposition in the untreated and VPA-treated control animals was similar. In the ADR-10d group a fourfold induction in collagen deposition was seen, which increased to eightfold in the ADR group at the end of the experiment. Picrosirius Red staining revealed that pre-VPA treatment inhibited collagen deposition in the ADR nephropathy model. In the post-VPA group, the collagen deposition was similar to that in the ADR-10d group, indicating that the induction of fibrosis was hampered by VPA treatment (Figure 4 , E and F). The tendency that VPA attenuates fibrosis in experimental glomerulosclerosis was also seen when the tubulointerstitial fibrosis was quantified ( Figure 4G ).
Valproic Acid Hampers Renal Inflammation
In ADR nephropathy, chemokines are released by injured resident kidney cells, including MCP-1 and MIP-1␤. These chemotactic cytokines promote the recruitment of both macrophages and T cells in the diseased kidney. 28 -30 To examine whether VPA could reduce inflammation, real-time qPCR for Ccl2 (MCP-1), Ccl4 (MIP-1␤), TNF-␣, and CD106 (VCAM-1) was performed. All these proinflammatory genes were significantly induced toward the end of the experiment. This was in contrast to the pre-VPA group in which no upregulation of proinflammatory genes could be observed. The assessed genes were significantly downregulated in the post-VPA group to levels comparable with those of the ADR-10d group, although TNF-␣ and CD106 levels were higher than controls ( Figure 5 , A through D).
To confirm the anti-inflammatory effect of VPA in the ADR nephropathy model, we assessed the interstitial macrophage infiltration (ER-HR3 ϩ cells). Only a limited number of macrophages were observed in the tubulointerstitial space of the ADR-10d group, whereas at the end of the experiment a more prominent macrophage infiltration was observed, as also reported by Wang et al. and Vielhauer et al. 4, 29 Pre-VPA treatment of ADR mice blocked the interstitial macrophage infil- 
Valproic Acid Reduces Glomerular Injury in Adriamycin Nephropathy
Cell depletion by apoptosis is a typical phenomenon in renal disorders, as is seen in the ADR nephropathy model by Marshall et al. 31 The TUNEL assay was performed to determine whether VPA could modulate apoptosis in the ADR model ( Figure 6A and Supplemental Figure S1 ). The number of TUNEL-positive cells in 100 glomeruli in the ADR-10d group was higher than those at the end of the experiment. In both ADR groups the number of TUNEL-positive cells was higher than those in untreated or VPA-treated controls, whereas the pre-VPA and post-VPA groups showed no significant increase in apoptosis compared with controls.
To analyze whether VPA treatment affects glomerular proliferation, a Ki67 staining was performed. As was seen for proteinuria and apoptosis, a peak in glomerular proliferating cells was found 10 days after the ADR injection. The number of Ki67 ϩ cells in 100 glomeruli was higher in both ADR groups than in untreated or VPA-treated controls. Moreover, the pre-VPA group showed no significant increase in proliferation compared with controls, whereas proliferation in the post-VPA group was significantly decreased compared with that in the untreated ADR animals, but was elevated compared with controls ( Figure 6B and Supplemental Figure S2 ).
Transmission electron microscopy imaging was performed to study the ultrastructure of the podocytes. In glomeruli of ADR animals, widespread fusion and effacement of the epithelial foot processes was observed and some podocytes showed cytoplasmic vacuoles. Besides these vacuoles, which were surrounded by thin epithelial cytoplasm, amorphous electron-dense material was seen, which corresponded to hyalinosis observed under light microscopy. In contrast, only minimal effacement of the epithelial foot processes was seen in the pre-VPA group. Podocytes of post-VPA animals showed a swollen cytoplasm and segmental fusion of epithelial foot processes. Control and VPA-treated control animals revealed normal ultrastructural findings ( Figure 7A ).
We also determined the podocyte-specific gene podocin in the urine to investigate whether VPA treatment could significantly decrease the number of podocytes lost in urine through detachment. 32 Ten days after ADR injection, a peak in podocin mRNA in the urine coinciding with the peaks in proteinuria, apoptosis, and proliferation was observed. After only 3 days of VPA treatment urinary podocin mRNA was significantly decreased in the post-VPA group ( Figure 7B ). After the initial ADR insult, urinary podocin mRNA returned to control levels at the end of the experiment in all groups (data not shown).
DISCUSSION
The experimental model of FSGS induced by ADR is a well-established and reproducible nephropathy model, which can be useful in the development of new therapeutic strategies. In this study, we evaluate the HDAC inhibitor VPA as a possible novel therapeutic agent for chronic renal diseases. Our previous work shows that similarities exist in the fibrotic changes of both liver and kidney 33 and that in vivo amelioration of liver fibrosis induced by CCl 4 is seen in mice treated with VPA. 6 Therefore, we further investigated whether VPA could improve experimental glomerulosclerosis in the mouse ADR nephropathy model. Studies on HDAC inhibitors and kidney have mainly focused on the tubulointerstitial compartment. However, Noh et al. demonstrated in the streptozotocin-induced diabetic rat model of nephropathy that TSA reduces proteinuria and prevents extracellular matrix accumulation. 15 In the ADR nephropathy model, we confirm the reduction of proteinuria by another HDAC inhibitor VPA. Moreover, we find a complete inhibition of proteinuria when this HDAC inhibitor is given before the ADR insult. Postponing the VPA treatment, until a significant peak in proteinuria is observed, results in a drop of proteinuria to control levels within 3 days after the start of the treatment. These data suggest that VPA treatment in an early phase of renal disease can halt and even prevent the development of proteinuria and the progression of kidney damage.
Furthermore, we find that VPA abrogates the decreased glomerular acetylation of H3K9 during ADR nephropathy. Recently, hypoacetylation in the kidney was also found in Wistar-Kyoto rats in the hemorrhagic shock model 27 and in obese db/db mice with early glomerulosclerosis. 16 In contrast, however, advanced glomerulosclerosis in accelerated uninephrectomized obese db/db mice is associated with renal histone H3K9 and H3K23 acetylation, H3K4 dimethylation, and H3 phosphorylation at serine 10. 16 This suggests that when HDAC inhibitors are given at the end stage of renal disease no beneficial effect will be observed. Timing of HDAC inhibitor administration might therefore be crucial for successful treatment of renal diseases. Our data confirm the increasing evidence that epigenetic modulations can attenuate fibrotic changes not only in the tubulointerstitial compartment 12, 13, 15, 18, 21 but also in the glomerular compartment. In the ADR nephropathy model, fibrosis is accompanied by inflammation. 28, 29 We show a reduction in inflammatory chemokines/cytokines and interstitial infiltrated macrophages in the ADR nephropathy model after VPA treatment. Less inflammation was also observed in the obstructive nephropathy model 12, 13 and the autoimmune lupus model 17 after HDAC inhibition therapy.
Furthermore, we confirm that ADR-induced damaged DNA leads to apoptosis, as was recently described by Marshall et al. 31 HDAC inhibition by VPA in the ADR nephropathy model results in less glomerular apoptosis. Less apoptosis was also shown for both VPA and SAHA (Suberoylanilide Hydroxamic Acid) in the hemorrhagic shock model. 27 The ADR nephropathy model is considered as a toxin-mediated podocyte injury model in rodents, 5 Valproic acid reduces podocyte detachment and injury in adriamycin nephropathy. (A) Transmission electron microscopy was performed to study the ultrastructure of the glomeruli. Podocytes of ADR animals revealed complete effacement of the epithelial foot processes (arrows), vacuolization (arrowhead), and amorphous electron-dense material (asterisk). Original magnification, ϫ6200. (B) Urinary podocin mRNA was detected at key time points in the post-VPA treatment setup by qPCR. At day 10 the urinary podocin mRNA level reaches a peak, coinciding with the proteinuria peak. After 3 days of VPA treatment the urinary podocin mRNA level has already dropped significantly compared with that of the ADR group. (#P Ͻ 0.001; **P Ͻ 0.01) BASIC RESEARCH www.jasn.org thelium in proteinuria 34 in a less susceptible mouse strain 35 requiring a high ADR dose. Besides glomerular apoptosis, podocytes can be lost in the urine because of detachment. 32, 36, 37 We show that the podocyte-specific gene podocin can be found in the urine after ADR insult and that VPA can reduce this loss. Moreover, we see that, after the initial insult by ADR, urinary podocin mRNA levels return to control levels at the end of the experiment in all groups, suggesting that the primary loss of podocytes sustains the renal pathologic process. We find that in the mouse ADR nephropathy model glomerular proliferation is highly induced, as was observed in the rat puromycin aminonucleoside nephrosis model. 38 Our data show that VPA can diminish glomerular proliferation.
In response to injury, podocytes may undergo several cell fates; besides apoptosis and proliferation, dedifferentiation can also occur. 31, 39, 40 HDAC inhibitors are found to inhibit EMT of renal proximal tubular epithelial cells. 12,13,15,18 -21 Specifically, VPA is found to prevent EMT in NRK-52E cells, along with the selective class I HDAC inhibitor SK-7041, which indicates that class I HDACs play a pivotal role in EMT. 15 Additional results show that VPA inhibits the induction of EMT-specific markers, such as vimentin, FSP1, and Snail (see Supplemental Figure S3 ). In vitro data suggest that besides renal proximal tubular epithelial cells also endothelial cells (endoMT) 41 and podocytes (podoMT) can undergo EMT after ADR insult. 42 This implies that VPA might inhibit the podoMT process in vivo in the ADR nephropathy model. Performing in vitro studies on podocyte cell lines 43 would greatly facilitate mechanistic studies that are necessary to elucidate the role of epigenetic modulation 44 of histones and nonhistone protein acetylation in renal disease.
VPA is mainly known for its HDAC inhibitory effect. Its antiepileptic activity however has been attributed to its ability to increase the level of the inhibitory neurotransmitter ␥-aminobutyric acid (GABA) by inhibiting GABA transaminase. Moreover, VPA inhibits T-type calcium channels, voltage-dependent sodium channels, 45 and also signaling pathways of TNF-␣, NF-B, and IL-6. 22, 46 It would also be worthwhile to investigate the effect of VPA on the renal progenitor cell population. Thus far, TSA and 4-phenylthiobutanoic acid were shown to expand the renal progenitor cell population. 20, 21 Furthermore, VPA exhibits a wide range of effects upon various tissues and pathologies. It can alter the expression of Ͼ20% of the transcriptome in a tissue-dependent manner. 10, 26, 47 In conclusion, we demonstrate that VPA has a beneficial effect on the development of proteinuria and the progression of glomerulosclerosis in the experimental ADR nephropathy model. We show that VPA halts glomerulosclerosis through inhibition of podocyte detachment, EMT, apoptosis, and proliferation. However, currently it is very difficult to anticipate all of the effects of VPA; therefore, further studies should be done to evaluate whether VPA treatment might be useful as a possible novel therapeutic approach for patients with early glomerulosclerosis, either in monotherapy or combination therapy with, for example, antioxidants or corticosteroids.
CONCISE METHODS
Murine ADR Nephropathy Model of Experimental FSGS
All animal studies were conducted under a protocol approved by the committee for the care and use of laboratory animals of the "Vrije Universiteit Brussel". Adult female Balb/c mice (Harlan, Horst, The Netherlands), weighing 20 g (8 weeks old), were divided at random into six groups. After 1 week of acclimatization, two groups of mice were injected with saline solution (control, n ϭ 5; VPA-treated control, n ϭ 9) in the tail vein. The other four groups were administrated ADR (adriamycin or doxorubicin, Pharmacia, Brussels, Belgium) through a single intravenous tail vein injection (10 mg/kg). 2, 4, 48, 49 Two groups of ADR-injected animals received 0.4% VPA in their drinking water 50 respectively 3 days prior to (pre-VPA group, n ϭ 5) and 10 days after (post-VPA group, n ϭ 14) ADR administration. All animals were allowed ad libitum drinking water and free access to standard chow (A04, UAR, Epinay, France). One group of untreated ADR animals was sacrificed at day 10 (ADR-10d group, n ϭ 6) as the reference point for the start of VPA treatment in the post-VPA group. Another ADR group (n ϭ 9) was sacrificed 23 days after ADR injection together with all other animal groups (control, control ϩ VPA, pre-and post-VPA). During the course of the experiment, mice were housed in metabolic cages at different time points for the collection of 24-hour urine samples. Proteinuria was expressed as total urinary protein over creatinine. The mice were anesthetized with natriumpentobarbital (CEVA, Brussels, Belgium) before sacrifice and blood was collected from the inferior vena cava. The kidneys were harvested and processed for (immuno)histologic evaluation. Serum albumin and urinary creatinine and total protein were analyzed by the Kodak Ektachem method (Kodak Eastman, Rochester, New York), whereas serum cholesterol was determined by an enzymatic method.
Histologic Examination
Transversal slices of kidneys were fixed in 4% buffered formaldehyde at 4°C for 24 hours and embedded in paraffin. Five-micrometer sections were cut and stained with periodic acid-Schiff and analyzed by a pathologist in a blind fashion by light microscopy. Glomerulosclerosis was graded on a scale of 0 to 4, with 0 indicating normal, 1 indicating 1% to 10% of glomeruli with sclerotic lesions, 2 indicating 11% to 25% of glomeruli with sclerotic lesions, 3 indicating 26% to 50%, and 4 indicating Ͼ50% of sclerotic glomeruli. 51 In a similar manner, renal interstitial fibrosis was scored for all conditions on Masson trichrome-stained sections.
Picrosirius Red Staining
Five-micrometer paraffin sections were dewaxed, rehydrated, and fixed with SUSA fixative for 1 hour and stained for 45 minutes with 0.1% Sirius Red F3BA in a saturated picric acid solution. For each condition, 12 pictures were made using an Axioskop light microscope (Carl Zeiss, Zaventem, Belgium) and the pictures were recorded using an Axiom digital camera. Red staining was quantified in the tubulointerstitial space using NIH ImageJ software (http://rsb.info.nih. gov/ij/).
Immunohistochemistry
Five-micrometer paraffin sections were cut and staining was performed after dewaxing and antigen retrieval (low pH) using DakoCytomation Target Retrieval Solution Citrate (Dako, Heverlee, Belgium) in a 98°C water bath. After blocking, sections were subjected to ER-HR3 (rat monoclonal; Abcam, Cambridge, UK, 1/50) or Ki67 (rabbit monoclonal, ThermoFisher Scientific, Cheshire, UK, 1/100) or acetylated-H3K9 (rabbit polyclonal; Abcam, Cambridge, UK, 1/700) overnight at 4°C. Anti-rat (rabbit polyclonal) antibody was used only for the ER-HR3 antibody for 30 minutes before the secondary antibody; anti-rabbit (goat polyclonal) was used subsequently for 30 minutes. The staining was visualized with a hydrogen peroxide substrate and 3,3Ј-diaminobenzidine tetrahydrochloride chromogen. Tissues were counterstained with Harris hematoxylin (1/8) for 30 seconds and mounted with Faramount (DAKO, Heverlee, Belgium). The number of positive cells in the tubulointerstitial space in 100 cortical fields for each animal were counted for statistical analysis of inflammation. For statistical analysis of proliferation, the number of proliferating cells in 100 glomeruli was counted for each animal. Counterstaining was omitted for the acetylated-H3K9 antibody and quantification of glomerular intensity for each condition was performed using NIH ImageJ software (http://rsb.info.nih.gov/ij/) in 20 glomeruli of at least three animals per group.
Transmission Electron Microscopy
Kidney cortex was fixed in 2% glutaraldehyde in cacodylate buffer at 4°C, postfixed in 1% osmium-tetroxide, and stained with 2% uranyl acetate. The samples were dehydrated and embedded in Poly/bed 812 Araldite resin (Polysciences Inc., Eppelheim, Germany). Ultrathin sections (50 to 100 nm) were cut with an ultramicrotome (Ultracut; Reichert-Jung, Depew, New York), mounted on copper grids, and examined in a Tecnai 10 (Philips, Eindhoven, The Netherlands). Digital images were taken using a megaview G2 CCD camera (SIS-company, Münster, Germany) at ϫ6200.
Messenger RNA Analysis
With use of the liquid nitrogen disruption method with mortar and pestle and the QIAshredder spin column followed by the RNeasy kit (Qiagen, Hilden, Germany), total RNA was extracted from renal cortical tissue. The RNA was reverse-transcribed using the RevertAid Premium Reverse Transcriptase kit (Fermentas, St. Leon-Rot, Germany). Gene-specific primers and a Universal Probe Library probe were determined using the Probe Finder software of Roche (https://www.roche-applied-science. com/sis/rtpcr/upl/index.jsp?idϭuplct_030000). For real-time PCR (RT-PCR), 2x Maxima Probe qPCR Master Mix was used (Fermentas), subjected to qPCR in an ABI 7500 Real Time PCR System, and analyzed using System SDS software (Applied Biosystems), using 18S ribosomal RNA for normalization. The fold change differences were determined using the comparative threshold cycle method.
For the urinary mRNA analysis, 32 we centrifuged the 24-hour urine samples at 3200g for 15 minutes at 4°C. Urine was removed and the remaining pellet was resuspended in 1.5 ml of sterile PBS and then centrifuged at 13,000g for 5 minutes at 4°C. The pellet was resuspended in 1 ml of RLT buffer plus ␤-mercaptoethanol and stored at Ϫ80°C until use. Total RNA was isolated using the protocol of the RNeasy kit (Qiagen). The RNA was reverse-transcribed using the method described above.
Apoptosis Detection
With use of the nonradioactive TdT-mediated fluorescein-dUTP nick end labeling (TUNEL) staining technique, apoptotic cells in the glomeruli were visualized by immunofluorescence following manufacturer's recommendations. Briefly, the TUNEL staining was performed on 5-m deparaffinized tissue sections after antigen retrieval in DakoCytomation Target Retrieval Solution Citrate buffer (pH 6) by microwave irradiation (350 W for 5 minutes). Slides were stained using the In Situ Cell Death Detection Kit (Roche, Vilvoorde, Belgium) following manufacturer's recommendations and mounted using VectaShield plus DAPI (Vector Laboratories, Brussels, Belgium). Double-positive nuclei (TUNEL and DAPI) in 100 glomeruli were counted for statistical analysis.
Statistical Analysis
Values are presented as mean Ϯ SEM and were compared using the one-way ANOVA and post hoc Fisher protected least significant difference test. P Ͻ 0.05 was considered significant.
